A comparative study on the oxidation kinetics of potent antihistamines promethazine hydrochloride(PRM1) and promazine hydrochloride (PRM2)-structural isomers by sodium N-bromo-benzene-sulphonamide (bromamine-B or BAB) was carried out in acidic medium (HClO 4 ) at 303 K. The reactions follow identical kinetics, which area fractional order dependence on acid concentration and first-order each on [oxidant] o , and [substrate]. The rate of reaction observed with dielectric constant of the medium which shows inverse proportionality and the reaction is performed by adding methanol. Effect of p-benzenesulfonamide, halide ion and ionic strength on the reaction rate has been investigated. The activation parameters were calculated by varying the temperature range. The reaction stochiometry was found to be 1:1 and the products obtained by the oxidation (promethazine S-oxide and promazine S-oxide) were identified by spectral analysis. Under similar experimental conditions, the rate of oxidation of promethazine hydrochloride is nearly 1.3 times more than the rate of oxidation of promazine hydrochloride. The difference in the acidic nature of nitrogen which is attached to the different carbon atoms accounts for the rate difference of PRM1 and PRM2. The rate law and a plausible mechanism are derived for the obtained experimental results.
Introduction
The mild oxidants like organic sulfonyl-N-haloamines have a nitrogen bonded halogen which is highly polarized in the oxidation state of + 1. They have a synergetic nature with a broad number of functional groups in all the media.As they have contrast properties to act as halonium cations (X + ), hypohalites and N-anions, the mechanistic kinetics of oxidation by N-substituted haloamines make a good choice for the chemists [1, 2] . Thus, they have been used as mild and selective oxidizing agents in the field of organic chemistry [3] [4] [5] [6] [7] . The eminent member of this group customarily known as chloramine-T (CAT), is a known purchasing reagent. The kinetic and mechanistic view point of many reactions involving the reagent has been registered well. Chloramine-B(CAB) is the benzene parallel of latitude of CAT [11] . The documented literature shows more reports on the kinetic and mechanistic view of CAT and CAB [8] [9] [10] . But there is scanty information available for the substrates with bromamine-T (BAT) and bromamine-B (BAB). BAB the more eminent as a mild oxidant can be readily formulated by bromination reaction of CAB. BAB is the most plausible oxidant of all N-haloamines. Only few reports [12] [13] [14] [15] [16] on the kinetics of oxidation of the substrates by BAB were registered.
Promethazine [PRM1] and Promazine [PRM2], phenothiazine derivatives, are the antihistamines which acts as receptors for Central nervous system (CNS).Each also acts as an antiemetic, hypnotic, tranquillizer, and a potentiator of anesthetics, sedatives and analgesics. [17] [18] [19] [20] [21] [22] [23] . In the existent work we have searched out the kinetics and mechanism of the antihistamines PRM1 and PRM2 under acidic conditions. The other goal of the present study is to determine the reaction condition for the drugs to react with BAB in acid medium, to accrue the kinetic data and to elucidate the activation parameters.
Experimental Sections

Components and Reagents
Chloramine-B (E. Merck) made to undergo bromination gives dibromamine-B followed by the partial debromination to get Bromamine-B. The purity of BAB is checked iodometrically through its active bromine content and the compound was further confirmed by 13 C FT-NMR spectrum. The resulting product is used as the oxidant. Promazine hydrochloride (Sigma-Aldrich), Promethazine hydrochloride (Sigma-Aldrich) were purchased and performed. Isotope studies of solvent be doomed with heavy water (99.3%) granted by BARC, Mumbai, India. The chemicals of analytical grade and double distilled water are used throughout the process. The fx − 350TL scientific calculator was used for the calculation of regression coefficient (r).
Kinetics Measurements
The reactions were performed with excess known concentration of substrate under pseudofirst-order conditionsover [BAB] o at 303 K. The temperature accuracy with ± 0.1 °C was maintained using a thermostat. To eliminate any photochemical effects the reaction was carried out in stoppered Pyrex boiling tubes whose outer surfaces were coated black. For each kinetic run, a known volume of solutions of substrate, HClO 4 and water (the volume was unaltered till the end) were imported into the tube and thermostated at 303 K until thermal equilibrium was attained. A uniform amount of BAB solution was immediately added and thermostated at 303 K accordingly stirring the mixture in the tube. The progress of the reaction was monitored by the iodometric determination. The oxidant which is unreacted is determined by withdrawing the same in fractions (5 mL each) at different intermittent of time. The pseudo first-order rate constants ((k / s −1 ) were calculated from linear plots of log [BAB] versus time. Further the remaining kinetic runs were performed again, checking the reliability and the k / values were reproducible within ± 3-4% error.
Stoichiometry and Characterization of Products
The reaction mixtures containing various ratios of substrates and BAB in 1.5 × 10 −3 mol dm −3 HClO 4 equipoise at 303 K for 24 h. The obtained stoichiometry results testify that for oxidation, a single mole of substrate requires one mole of BAB as represented in Fig. 1 
Product Analysis
The substrates-BAB mixture was made to undergo the reaction in 1.2 × 10 −3 mol dm −3 HClO 4 for a day at 303 K with constant stirring. After completion of the reaction (monitored by thin layer chromatography), the products obtained were neutralized with alkali and extracted with ether. The redox products were testified to spot tests [25] and chromatographic analysis, which confirmed the formation of corresponding S-oxides (Fig. 1) . The separation technique used to identify the product was column chromatography and accustomed by GC-MS which showed a molecular ion peak of 318 amu (Fig. 2a, b) which is due the formation of water adduct of products formed Fig. 1 The oxidation products, corresponding S-oxides formed during the reaction from PRM1 and PRM2 [26] .The reduction product of BAB was benzenesulfonamide, which was distilled with ethyl acetate and characterized by TLC using iodine as a spray reagent and pether-chloroform-1-butanol (2:2:1, v/v) as a solvent system and (R f = 0.8)and peak at 157 amu (Fig. 2c ).
Results and Discussion
The comparative oxidative kinetics of structural isomers PRM1 and PRM2 by acidified BAB have been investi- 
Kinetics Results
The kinetic studies were studied under pseudo first - 2 Mass spectrum of a promethazine S-oxide with itsmolecular ion peak at 318 amu, b promazine S-oxide with its molecular ion peak at 318 amu, c benzene sulfonamide with its molecular ion peak at 157 amu ). This testifies that PhSO 2 NH 2 is not involved in any reaction prior to the rate determining step of the prospective mechanism. For the ionic strength determination, all other experimental conditions were kept constant and the rate of the reaction was determined in presence of 0.1 mol dm −3 NaClO 4 . Addition of NaClO 4 showed less effect on the reaction rate, which signifies the entanglement of non-ionic species in the rate determining step. Eventually, the ionic strength is tested by the adding Br − or Cl − ions as sodium salts at the concentration of 5.1 × 10 −3 mol dm −3 which showed a slight effect on the reaction rate. This indicates that no halides (chlorine or bromine) are formed and the interaction occurs between an oxidizing agent and the substrates.
The dielectric constant effect was tested by using different compositions of water-MeOH mixtures (0-20% v/v), with all other experimental conditions being held constant. A plot of log k / versus 1/D was linear ( Fig. 3 ; r ≥ 0.8795) and shows a direct relationship between rate constant and composition with a positive slope. The values of permittivity (dielectric constant) for MeOH-water mixtures reported in the literature were employed [27] .
As the oxidation of substrates by BAB was accelerated by H + ions, the study of solvent isotope effect in heavy water as the solvent medium for both the substrates were tested. 
The Effect of Temperature on the Reaction Rate
The reaction was tested by altering the temperatures (293-313 K) and retaining other experimental conditions as constant. From Arrhenius plots of log k / vs. 1/T (Fig. 4 , r > 0.9972 for PRM1, r > 0.9983 for PRM2), composite activation parameters (E a , ∆H ≠ , ∆S ≠ , ∆G ≠ and log A) were calculated for the oxidation of substrates by BAB. These data are compiled in Table 3 .
The Study of Polymerization
Addition of the reaction mixture to aqueous acrylamide solution did not initiate polymerization, indicating the absence of free radicals.
Reactive groups of BAB
Due to the homogeneous nature of haloamines the same type of equilibrium exists for all the homologues [28] . Bromamine-B, which is analogous to Chloramine-T and mol dm −3 approximately at around pH 0-3. The absence of a retardation effect by the addition of benzenesulfonamide indicates that HOBr is not the oxidizing species and it has been ruled out [30] [31] [32] . 2 NHBr is the more feasible oxidizing species in acid medium. Previous investigations have come to the same conclusion. Previous reports also show that [33] monochloramines become protonated at pH 2, as shown in Eq. (8) The present study testifies that PhSO 2 NH 2 Br + is the effective oxidizing species due to the stimulation in the rate by the addition of proton. The formation of second protonation constants for all the N-haloamines catalogues remains same as they have similar chemical properties. In addition, nil effect is studied on the reaction rate of the redox system when the variations in ionic strength of the medium or addition of reduction product are performed. From the above discussion, Scheme 1 provides a feasible mechanism for the oxidation of PRM1 and PRM2 by BAB in HClO 4 medium.
In Scheme 1, step (i) shows the protonation of PhSO 2 NHBr forming the feasible oxidizing species of PhSO 2 N + H 2 Br. In the step (ii), the rate determining step, nitrogen's lone pair of electrons attacks the positive bromine atom of substrate forming the product complex cation X.
Step (iii) determines the overall rate which is consistent with the rate law in Eq. (9).
Step (ii) determines overall rate, then . The solvent effect on the reaction kinetics has been described in several papers. The case of zero angle of approach between two dipoles or an ion-dipole system was given by Amis [34] . He showed that a plot of log k / versus 1/D is linear, the interaction between a positive ion and a dipole shows positive slope and the interaction between a negative ion and a dipole or dipole-dipole shows a negative slope. In the present study, the plot of log k / versus 1/D is straight with a positive slope (Fig. 3) supporting the mechanism in Scheme 2, where a positive ion and a dipole are involved in the rate determining step. Hence, the effect of dielectric constant of the medium on the reaction rate constant is in accordance with the theory.
Effect of Ionic Strength of the Medium on the Reaction Rate
The primary salt effect on the reaction rates has been well described in the literature [35] . The shown reaction mechanism is also furnished by the observed effect of ionic strength on the rate of the reaction. As in the present study, a positive charge and a neutral molecule are involved in the rate determining step (step(ii)) of Scheme 1 which shows the rate does not alter with the change of medium ionic strength.
Relative reactivity of Promethazine and Promazine
The activation parameters moderate values support the proposed mechanism. The energy of activation and enthalpy are inversely related, as shown by higher the enthalpy lower the energy of activation and vice versa ( Table 3 ). The high solvation of the transition state is proved by the positive values of ΔH ≠ and ΔG ≠. The negative impact of ΔS ≠ signifies the formation of more compact transition state in both cases. In both (Promazine hydrochloride and Promethazine hydrochloride) the value of ΔG ≠ is comparable which shows that same type of reaction mechanism is operated. The collision frequency and the reacting molecules arrangement gives the values of frequency factor (A). The zero effect on the inclusion of reduction product, neutral salts and halide ions on the rate of the reaction supports the derived rate law and proposed mechanism.
Conclusions
The oxidation kinetics of promazine hydrochloride and promethazine hydrochloride by BAB has been examined at 303 K. The rate law of the present study is shown as, rate = k x where x is 0.53 for PRM1 and 0.57 for PRM 2. Based on experimental results, a suitable mechanism and appropriate rate law have been derived. Under identical experimental conditions, the rate of oxidation of PRM1 is faster than PRM2 by 1.3 times with BAB in acid medium due to the difference in the acidic nature of nitrogen which is attached to the different carbon atoms.
